1. Introduction
===============

Gastric cancer is the most common type of gastrointestinal malignancies in the world.^\[[@R1]\]^ Surgical resection remains the primary curative treatment for gastric cancer. However, less than 30% of patients eligible for curative resection because the majority of gastric cancer cases present in advanced stage due to late onset and nonspecific symptoms.^\[[@R2]\]^ In recent decade, although treatment of gastric cancer has been significantly improved, the prognoses of patients represented by liver metastases is extremely poor, with a 3-year overall survival (OS) lower than 40% even after hepatectomy,^\[[@R2]\]^ or less than 10% after chemotherapy.^\[[@R3]\]^ Therefore, exploring tumor markers to predict patients' prognoses has important clinical value to prolong their survival time.

Previous studies revealed that immune markers are associated with OS for patients with gastric cancer.^\[[@R4],[@R5]\]^ Tumor-infiltrating lymphocytes (TILs) are the major type of infiltrating immune cells.^\[[@R4],[@R5]\]^ The density of TILs is considered a manifestation of the host immune response against tumor cells. Nowadays, the association between TILs and patients' clinical outcomes have been investigated in non-small cell lung cancer,^\[[@R6]\]^ esophageal squamous cell carcinoma,^\[[@R7]\]^ hepatocellular carcinoma,^\[[@R8]\]^ and breast cancers,^\[[@R9]\]^ and so on. Moreover, lots of studies have investigated the prognostic impact of TILs on patients with gastric cancer, but their results were inconsistent. Therefore, this systematic review comprehensively investigated the prognostic effect of TILs for patients with gastric cancer.

2. Materials and methods
========================

Two independent authors performed a systematic review (PCY and DL) according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.^\[[@R10]\]^ The included studies were evaluated as a cohort study performed in accordance with the Newcastle-Ottawa Quality Assessment Scale (NOS) for quality assessment.^\[[@R11]\]^ This tool was chosen because of the unavailability of randomized controlled trials and large heterogeneity between studies. The NOS scale includes the following: selection; comparability; and outcome. Full marks according to NOS are represented by 9 points; scores of 0 to 4 indicate low-quality research, and scores of 5 to 9 indicate high-quality research.^\[[@R11]\]^

3. Literature search
====================

We searched the literature for studies published in Embase, PubMed, Web of Science, and the Cochrane Library through 31 December 2017 reporting the prognostic role of TILs or its subsets among patients with gastric cancer.

Search keywords included "immune cells" OR "tumor infiltrating lymphocytes" AND "gastric cancer" OR "stomach neoplasm" AND "overall survival" OR "prognostic" OR "prognosis." The literature search was restricted to English-language publications. Besides, all the reference lists of identified articles were also reviewed in order to find out potential studies. When the effective data included in the literature were not reported or when data published in different studies overlapped, we contacted the author to confirm the appropriate data. Two authors were responsible for searching the comprehensive database and evaluating availability independently (PCY and DL).

4. Eligibility criteria
=======================

Literatures that were eligible for inclusion in this meta-analysis should meet the following criteria: patients were diagnosed with gastric cancer; studies investigated the role of general TILs or T lymphocyte subsets (including CD3^+^, CD8^+^, CD4^+^, and FoxP3^+^ lymphocytes) on patients with gastric cancer; the TILs measurement must be detected in situ of tumor tissue by application of HE or immunohistochemistry; the lymphocyte infiltration site should be within the tumor tissue, such as tumor parenchyma, tumor stroma; adequate data (hazard ratio \[HR\] and its associated 95% confidence interval \[95% CI\]) were provided for further analysis. When more than one studies were published based on the same population, only the latest information and the most complete study were used.

5. Data extraction and quality assessment
=========================================

Two authors (PCY and DL) independently extracted data from all eligible studies. Uncertainties were resolved through discussion or the third author (SZ). The following information was extracted from all included studies: name of first author, country, recruitment period, sample size, lymph node metastasis, tumor stage, TIL detection method, cut-off for overexpression, TILs subsets and distribution site, follow-up period, and outcome measures. HR and 95% CI for OS were extracted directly from the enrolled studies.

6. Statistical analysis
=======================

HR combination analysis was performed under the assumption of clinical homogeneity. The 95% CI represents the statistical effect. The heterogeneity of each study was analyzed by the *χ*^*2*^ test. With *P* \< .1 as the significance level, heterogeneity was expressed as an *I*^*2*^ value. When heterogeneity was present, a random effects model (DerSimonian--Laird method) was used; otherwise, a fixed effects model (Mantel--Haenszel test) was employed.

An HR \>1.0 was considered to indicate a poor OS for patients with low TILs or its subsets infiltration group; an HR \< 1.0 in the high TILs or its subsets infiltration group was associated with good OS. A lack of overlap of the HR (CI) with 1 suggested that the results of visual interpretation had statistical value for OS prediction. All *P*-values were calculated with 2-sided tests.

Effect-quantity pooling, heterogeneity testing, sensitivity analysis, and bias testing were analyzed using the meta-package in R (ver.3.2.3; a language and environment for statistical computing; [https://www.R-project.org/](https://www.r-project.org/)).

7. Results
==========

7.1. Results of literature search and study characteristics
-----------------------------------------------------------

A total of 656 studies were identified using our search criteria (Fig. [1](#F1){ref-type="fig"}), of which 445 were rejected and 211 were retained for abstract review. On the basis of the abstract, 145 studies were excluded and 66 retained and read in full. The main reason of exclusion was because these studies were not investigated the role of general TILs or T lymphocyte subsets (including CD3^+^, CD8^+^, CD4^+^, and FoxP3^+^ lymphocytes) on patients with gastric cancer. In the end, 29 studies involving 3020 patients were included in the systematic review (Table [1](#T1){ref-type="table"}).^\[[@R12]--[@R40]\]^ The flow diagram for study selection was shown in Fig. [1](#F1){ref-type="fig"}. Though 2 studies were based on the same population, different variables were investigated. Therefore, all these 2 studies were included into this meta-analysis.^\[[@R22],[@R33]\]^

![PRISMA flow diagram.](medi-97-e11387-g001){#F1}

###### 

Clinicpathological characteristics of the included studies.

![](medi-97-e11387-g002)

Of the 29 studies, 11 came from China,^\[[@R13]--[@R17],[@R22],[@R33]--[@R34],[@R38]--[@R40]\]^ 7 from Japan,^\[[@R12],[@R23],[@R25]--[@R27],[@R35],[@R36]\]^ 6 from Korea,^\[[@R24],[@R28]--[@R32]\]^ and the other 5 from the United States,^\[[@R19]\]^ Germany,^\[[@R20]\]^ and Italy,^\[[@R18],[@R37]\]^ respectively. Three studies used hematoxylin-eosin staining^\[[@R14],[@R19],[@R24]\]^ while the other 26 studies used immunohistochemistry staining for detection of general or specific TILs subsets of the tumor tissue.^\[[@R12],[@R13],[@R15]--[@R18],[@R20]--[@R23],[@R25]--[@R40]\]^

The quality of the 29 eligible studies was assessed in strict accordance with the NOS. The scores were 6 points, suggesting that the methodological quality level of each eligible study was sufficiently high (Table [2](#T2){ref-type="table"}).

###### 

Newcastle--Ottawa score quality assessment scale for cohort studies.

![](medi-97-e11387-g003)

7.2. Pooled analysis
--------------------

Six studies reported the prognostic value of general TILs,^\[[@R14],[@R15],[@R18],[@R19],[@R23],[@R24]\]^ 9 studies about CD8^+^ T lymphocytes,^\[[@R13],[@R16],[@R20],[@R25],[@R27],[@R31]--[@R33],[@R36]\]^ 14 studies about FOXP3^+^ T lymphocytes,^\[[@R17],[@R20]--[@R22],[@R26],[@R28],[@R29],[@R31],[@R34]--[@R35],[@R37]--[@R40]\]^ 2 about CD4^+^ T lymphocytes,^\[[@R29],[@R33]\]^ and 5 about CD3^+^ T lymphocytes.^\[[@R12],[@R20],[@R28],[@R30],[@R32]\]^ Association between general TILs or its subsets and patients' prognoses in each study was described in Table [3](#T3){ref-type="table"}.

###### 

Associated between tumor-infiltrating lymphocytes and patients' prognoses in each study.

![](medi-97-e11387-g004)

Pooled analysis found that high infiltration of general TILs was associated with statistically higher OS than those with low infiltration (HR 0.75, 95% CI 0.67--0.84; Fig. [2](#F2){ref-type="fig"}). Moreover, high infiltration of CD8^+^ T lymphocytes (HR = 0.77, 95% CI 0.63--0.95; Fig. [3](#F3){ref-type="fig"}) and CD3^+^ T lymphocytes (HR 0.62, 95% CI 0.49--0.77; Fig. [4](#F4){ref-type="fig"}) were also associated with statistically higher OS than those with low infiltration. However, gastric cancer patients with high infiltration of FOXP3^+^ T lymphocytes (HR 1.41, 95% CI 0.97--2.05; Fig. [5](#F5){ref-type="fig"}) or CD4^+^ T lymphocytes (HR = 0.86, 95% CI 0.47--1.57; Fig. [6](#F6){ref-type="fig"}) were only associated with slightly higher OS than those with low infiltration.

![Pooled results for general TILs in patients with gastric cancer.](medi-97-e11387-g005){#F2}

![Pooled results for CD8^+^ TILs in patients with gastric cancer.](medi-97-e11387-g006){#F3}

![Pooled results for CD3^+^ TILs in patients with gastric cancer.](medi-97-e11387-g007){#F4}

![Pooled results for FOXP3^+^ TILs in patients with gastric cancer.](medi-97-e11387-g008){#F5}

![Pooled results for CD4^+^ TILs in patients with gastric cancer.](medi-97-e11387-g009){#F6}

8. Discussion
=============

The microenvironment contributes to patients' survival and growth of cancer cells. The gastric tumor microenvironment is frequently filled with a wide range of immune cells, which have been reported to impact on cancer development, progression, and cancer-related immune reactions, emerged as the hotspot of cancer research.

Subgroup analyses based on subset of TILs was performed because of the bidirectional role of TILs in tumor-associated immune responses. Our study confirmed the importance of intratumoral TILs and its subsets as a prognostic factor, which is in agreement with previous studies.^\[[@R41]--[@R44]\]^ Our meta-analysis identified 29 studies that evaluated the prognostic significance of different TIL subsets. It provides evidence that high densities of intratumor general TILs, CD8^+^, or CD3^+^ TILs alone are indicative of improved survival, but the presence of FOXP3^+^ and CD4^+^ TILs alone are not significantly associated with the prognosis.

Each subset of TILs plays its own roles in the development and progression of gastric cancer. CD8^+^ TILs is the surface antigens of cytotoxic T lymphocytes. And it is the main effective cells in the anti-tumor immune response. In our study, we found CD8^+^ TILs were associated with better OS. However, 2 included studies were not in accordance with our drawn conclusions,^\[[@R20],[@R36]\]^ which may be due to sample size bias. However, CD4^+^ lymphocytes are composed of T helper and regulatory cells. These cells can secret diverse cytokines. Therefore, the roles of CD4^+^ T cells are complicated by their heterogeneity trait. In the present study, we did not found the significant prognostic value of CD4^+^ TILs.

CD3 is a common surface antigen of T cells. We found gastric cancer patients with high infiltration of CD3^+^ TILs had significantly higher OS than those with low infiltration. This finding is consistent with that the infiltration of CD3^+^ TILs significantly correlated with tumor stage, lymph node metastasis, and depth of tumor invasion.^\[[@R12],[@R32]\]^ Higher infiltration of CD3^+^ TILs is also significantly correlates with higher OS in other cancers.^\[[@R45],[@R46]\]^ Therefore, as an immunological predictor of tumor stage and disease outcome in cancer patients, the infiltration of CD3^+^ TILs may decreases during tumor progression.^\[[@R12]\]^ Considering the close relationship between the infiltration of CD3^+^ TILs and patients' prognoses, immunohistochemical analysis of CD3^+^ TIL infiltration in endoscopic resected specimens might help to identify tumor stage after endoscopic resection. In addition, measuring CD3^+^ TIL infiltration in resected specimens may be helpful to identify the induction of adjuvant chemotherapy in patients with gastric cancer.

The prognostic value of intratumoral FOXP3^+^ TILs infiltration in gastric cancer is still in debate. Some studies showed that FOXP3^+^ TILs infiltration was associated with decreased overall survival in gastric cancer^\[[@R17],[@R22],[@R34],[@R40]\]^ while other studies failed to uncover such an association.^\[[@R26],[@R28],[@R35],[@R38],[@R39]\]^ A previous meta-analysis found tumor-infiltrating FOXP3^+^ TILs were a factor for a poor prognosis for hepatocellular carcinoma and gastric cancer, but a good prognosis for colorector cancer.^\[[@R47]\]^ Our study included 14 studies investigating the relationship between FOXP3^+^ T lymphocytes and the prognoses of patients with gastric cancer. We did not found a positive or negative association. These discrepancies may be partly attributed to differences on the method for specimen processing, the difference on the selection of FOXP3^+^ TILs markers in each study, the ethnics of population, and the histology of gastric cancer patients.

This study has some limitations. First, cut-off for overexpression of TILs is different in some studies. Second, median follow-up in some included studies may be too short to observe long term prognoses. Third, the method of immunohistochemical technique may be discrepency in tissue fixation, antibodies used for T cell detection. For example, 3 studies^\[[@R14],[@R19],[@R24]\]^ with hematoxylin-eosin staining. It may be difficult to distinguish the biomarkers of TIL only via hematoxylin-eosin staining. And fourth, the heterogeneity of some meta-analysis is still remarkable.

9. Conclusion
=============

This meta-analysis suggests that TILs were prognostic markers for OS in gastric cancer patients. In addition, a high density of introtumoral CD8^+^ and CD3^+^ lymphocyte indicated good prognosis in gastric cancer, while CD4^+^ and FOXP3+ lymphocytes demonstrated no obvious effect on survival outcomes. However, due to the limitations of this study, TILs can't fully explain its impact on prognosis. Therefore, further studies should focus on high-quality prospective studies, including a comprehensive clinical pathology, evaluation of information, follow-up strategy, and standardized cut-off values, similar treatment strategies, multivariate analyses of clinicopathological variables of the patients, which will make the study more standardized. Besides, quantitative studies of TILs alone are far from explaining the complex effects of tumor microenvironment, which requiring more rigorous design, greater sample size, more standardized survival analyzes, and longer follow-up studies to produce more credible statistics.
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